Seven types of cannulae were inserted into the cephalic vein of sheep which were killed after 1: ~ or 9 days so that the mass of thrombus associated with each cannula could be measured. Statlsllcal analysis indicated that there was a statistically significant difference of greater than ~-fold between types of cannulae in the amount of thrombus. Differences between the 3 periods were not significant.
INTRODUCTION
Cannulae are frequently used in patients in hospitals, either in peripheral veins for infusion of fluids and drugs or in the radial artery for monitoring of arterial blood pressure. Their use at both of these sites is not without complications. Post-infusion thrombophlebitis is probably the most common iatrogenic condition following surgery and occurs in up to 50070 of patients after 48 hours infusion. I ,2 Although the composition of the infused fluid is an important factor, 3·5 it is probable that thrombus on a cannula would impede blood flow and so allow undiluted fluids to produce deleterious effects on the vessel wall. Blockage of the radial artery has been reported to occur frequently after the use of cannulae. 6 . 9 Measurements made on patients have shown that use of small cannulae or insertion of cannulae into larger vessels is less likely to produce complications. IO · 12 Cannula-to-vessel size relationships indicate that a build-up of thrombus on a small cannula or in a larger vessel might be less likely to occlude the vessel. Also differences in the type of plastic from which cannulae are made have been reported to play apart, 13,1,14,2,7 but in several papers the types of cannulae used have not been given.
In previous papers,15,16 we reported on sheep models for testing of catheters used in humans. In this paper, sheep have been used for testing of the thrombogenicity of several types of cannulae. Five of each type were tested at each of one, three and nine days. Before insertion, the flange attached to the hub of the Braun cannula was cut off.
MATERIALS AND METHODS
Animals were mature Merino ewes of 30-40 kg body weight. They were anaesthetized with pentobarbitone and one cannula was inserted into each cephalic vein. The method of insertion was to incise the skin adjacent to the vein, free about one cm of the vein by blunt dissection with a haemostat, tense the vein with a haemostat passed underneath, insert the cannula to the hub or to where the Braun and Medicut cannulae started to dilate near the hub, and withdraw the needle. The hub was left under the skin and no attempt was made to flush the cannulae.
After one, three or nine days, each ewe was given 5000 I. U. of heparin and killed by exsanguination. Cannulated vessels were dissected and opened and the mass of thrombus surrounding each cannula was measured. Data were examined by Bartlett's test for homogeneity of variances and the Chi square test for goodness of fit to a normal distribution both in an untransformed state and after square root transformation. Results from these tests indicated a slight but nonsignificant advantage for the square root transformation. Because these statistical tests have shown that a square root transformation is required for similar sets of data,17.!o it has been used for these data for analysis of variance. After the analysis of variance, significant differences at the 0.05 level between types of cannulae were identified with Duncan's test.!8
RESULTS
The mean mass of thrombus at one, three and nine days is shown in Table 1 . Analysis of variance indicated that there were significant differences between cannulae with the two Braun cannulae having least thrombus and the two Dwellcaths most. There was no significant difference between the three periods. Values are the mean ± standard error. Five cannulae were tested in each group. The analysis of variance was performed after square root transformation.
The types of cannulae differed in length and diameter and the mean mass of thrombus is shown in Table 2 expressed in relation to length and surface area. These alternative expressions did not subsequently alter the ranking although the 17 G Dwellcath was the worst on a basis of surface area. 
DISCUSSION
Some of the thrombus that forms as a result of insertion of a catheter or cannula into a blood vessel can be due to abrasion of the vessel wall by the tip. Such trauma is more likely to occur with cannulae than with catheters as the tip of a cannula must of necessity be sharpened to a taper on the introducing needle for ease of entry into the vessel. It was evident at autopsy that thrombus associated with cannulae in this experiment usually extended along the length of the cannula from the point of insertion and appeared to be greater towards the tip. It was not, however, possible to separate thrombus on the body of the cannulae from that associated with the tip and so the contribution of the tip trauma is unknown.
The cannulae differed in length and diameter and so the question arises as to the best basis for comparison of different types. The results in Table 2 are given as total mass, mass per cm length and mass per square cm surface area. The smaller Dwellcath became significantly the worst cannula on the last comparison but apart from this the different comparisons did not greatly change the order. It has been shown that more thrombus forms on larger cannulae!! and catheters!9.!7 than on smaller ones. With the more thrombogenic types of cannulae, most of the vessel lumen was occupied either with the cannula or with surrounding thrombus and it is feasible that the smaller diameter of the 17 G Dwellcath would allow a greater build-up of thrombus.
Anaesrhesia and InlellSI\'(' Care, Vol. VIII, ,"":0. 2, . \fay, 1980 We reported previously that the amount of thrombus on catheters increased with time. 19 The lack of a significant increase in thrombus with time on these cannulae is therefore unexpected. The more thrombogenic types of cannulae may well have occluded the vessel lumen totally within 24 hours but with the less thrombogenic types the vessel lumen usually appeared at autopsy to be partially patent. It is possible with the less thrombogenic types that as the lumen became restricted due to development of thrombus, blood flow rate past the cannula would have increased and this might have reduced the rate of deposition of thrombus. In our catheter tests, most of the length of the catheters was in larger vessels where changes in blood flow would be less.
One of the Braun cannulae was made from polyethylene and the Medicut cannula was made from polypropylene. The others are made from Teflon but it is not clear from the packets or the manufacturers' literature which type of Teflon, P(TFE) or P(FEP), is used for particular cannulae. Dinleyl stated that P(FEP) was better than P(TFE). It is doubtful if a comparison of two brands is sufficient to state that one type of Teflon is better than another as the differences could be due to other factors such as differences in manufacturing techniques. The Angiocath was described by Dinley as being polyvinylchloride but the label of the batch tested here stated that it is Teflon.
In a previous experiment,15 we tested 15 tubings in the cephalic vein of sheep. In the comparable portion of the cephalic vein to which these cannulae were tested, there was less thrombus per cm on most of the tubings than on the cannulae tested here. This comparison suggests that there are less thrombogenic materials available for making cannulae.
We are presently conducting experiments to determine why tubings differ in thrombogenicity. The results may lead to the development of less thrombogenic materials for cannula production. A less thrombogenic cannula should have advantages in reducing the incidence of radial artery occlusion and infusion thrombophlebitis.
